Abstract: Aim: To compare the waist related anthropometric measures like waist circumference, waist-to-height ratio (WHtR), waist -hip ratio (WHR) and body mass index (BMI) as predictors of coronary artery disease (CAD) in women. Methods: The study included 88 women aged 40-80 years. Waist circumference, hip circumference, height, weight, age, and other covariates were collected by questionnaire. The primary endpoint was incident coronary heart disease that was reported by physician. The data was analyzed statistically using χ 2 -test for quantitative data and student t-test. The significance of the results as determined in 95.0% confidence interval. Results: The mean age was 59.07 ± 11.53 in the study group and 54.36 ± 10.84 in the control group. The waist circumference in the study group was higher (95.443 ± 11.187) than the control group (74.886 ± 6.672) (p < 0.001). The mean waist to hip ratio (WHR) was 0.96 ± 0.08 in the study group and 0.78 ± 0.06 in the control group (p < 0.001). The mean waist to height ratio (WHtR) was 0.62 ± 0.07 in the study group and 0.48 ± 0.04 in the control group (p < 0.001). Waist derived measures were superior to BMI in predicting CAD. The unadjusted AUC (95% Confidence Interval) was 0.008 (0.006-0.095) for WHtR, 0.001 (0.00 0.002) for waist -hip ratio, and 1 (0.323-1.766) for body mass index. Conclusion: Waist related anthropometric measures are important predictors as CAD risk factors among middleaged and older women, as compared to BMI.
Introduction
Vague was the first to observe that women with android obesity had a high prevalence of diabetes and atherosclerosis [1] . Overweight and obesity is one of the leading risk factors for mortality, estimated to account for 23% of the ischaemic heart disease burden [2] .
Greater abdominal adiposity is strongly associated with insulin resistance, dyslipidemia, and systematic inflammation, which play essential roles in the pathogenesis of cardiovascular disease (CVD), metabolic syndrome, and certain cancers [3, 4] .
Currently used general and central obesity anthropometric measures for assessing adiposity-related risk include: body mass index (BMI; weight in kilograms divided by square of height in meters), waist circumference (WC), hip circumference (HC), waist-to-hip ratio (WHR; ratio of WC to HC), waist-to-height ratio (WHtR; ratio of WC to height).
However, the relative utility of various anthropometric measures in assessing cardiovascular risk remains unclear [5] . Waist circumference (abdominal girth), a measure of both subcutaneous and visceral fat, is easily measured and also correlated with body frame size. WC and WHR have also been identified as independent predictors of CVD risk but not BMI, accounting for conventional risk factors in the Framingham risk score model [6] . Since height is a measure of body frame size, the waist circumference-toheight ratio (WHtR) has been proposed as an alternative to the waist -hip ratio, and has been found to be slightly superior in terms of the prediction of metabolic disturbances among rural Bangladeshi women, Japanese men and women [7, 8] .
WHtR has an added advantage over isolated waist circumference measurement, because its adjustment for height allows establishment of a single, population-wide cutoff point that remains applicable regardless of gender, age, and ethnicity [9] . This study was designed to evaluate and compare these anthropometric measures in a population of middle and elderly women as a predictor of coronary artery disease (angina pectoris, unstable angina and acute myocardial infarction).
Material and method
Ethics Statement: Ethics approval was obtained from the Institutional Ethic Committee. A written informed consent was acquired from each participant prior to enrollment. This study was conducted on the patients who attended medical outpatient department of Maharishi Markandeshwar Medical College and Hospital, Kumarhatti , Solan, H.P.
Study group included forty four diagnosed patients of coronary artery disease including those of angina pectoris, unstable angina and acute myocardial infarction were examined anthropometrically. Patients with known risk factors like smoking, hypertension and diabetes mellitus were excluded from this study. Body mass index and waist hip ratio and waist height ratio of these patients were calculated along with the variable of the age. This was compared with those of forty four healthy women considered as control group. This study involved age group of 40 yrs and above.
A detailed history was taken to ascertain the presence of coronary artery disease in all cases. Family history and history to rule out smoking, hypertension and diabetes mellitus was also asked.
The clinical examination was done to include general physical examination along with the local examination for cardiovascular system, chest and per abdomen examination to rule out any abnormal finding. Electrocardiography was done for diagnosis of coronary artery disease cases and healthy individuals. Diabetes mellitus was ruled out by blood sugar level.
Anthropometrical examination for height, weight, waist circumference was done for both coronary artery disease cases and healthy women. Weight was taken without shoes, it was in kilograms. Height was measured in standing position without shoes. Waist was measured at narrowest point between lower rib and iliac crest. It was measured in centimeters. Hip circumference was taken in centimeters as circumference of hip at maximum point for buttocks.
Body mass index was calculated as body weight in kg divided by squares of height in meters (kg/m 2 ). Body mass index range criteria was followed as upto less than 25 kg/m 2 as normal, 25-30 kg/m 2 as overweight and more than 30 kg/m 2 as obese.
B.M.I = weight in kilograms/Square of height in meters.
Waist hip ratio calculated by dividing waist circumference in centimeters by hip circumference in centimeters.
Waist hip ratio = waist circumference in centimeters/hip circumference in centimeters.
In our study, we had followed the criteria of Waist hip ratio more than 0.85 for centrally obese women and < 0.85 for non-obese women.
WHtR was computed as the ratio of waist circumference to height (both in cm). The criterion of abdominal obesity was defined as WHtR ≥ 0.55.
Analyses was performed using SAS. The data was analyzed using χ 2 -test for quantitative data and student t-test. The significance of the results as determined in 95.0% confidence interval and a value of P < 0.05 was considered to be statistically significant.
Results
The mean age was 59.07 ± 11.53 in the study group and 54.36 ± 10.84 in the control group. The mean weight was more in the study group as compared to control group (p < 0.05). The waist circumference in the study group was higher than the control group (p < 0.001). (As shown in the Supplementary Table 1) .
Age distribution
Age was taken 40 years and above. Patients were divided into 4 groups i.e. < 50, 51 60, 61 70, and above 70 yrs of age, least number of cases reported above 70 yrs of age. The mean age group of diseased women was 59.07 + 11.53. 34.1% of CAD patients were in the age group of 51-60 yrs of age group as shown in Supplementary Table 2.
The central obesity is an important factor for the cardiovascular disease for which weight consideration is an important part. In our study more obese people lie in the age group of 40-50 (66.364 + 11.32). Cardiovascular risks are increased on advanced age. Here in the age group of 61-70, more people experienced cardiac heart disease in study group than control group (p < 0.05 Significant) as shown in the Supplementary The mean waist to hip ratio (WHR) was 0.96 ± 0.08 in the study group and 0.78 ± 0.06 in the control group with the mean range of 0.66 0.9 (p < 0.001 highly significant). The odd ratio was 0.010 as shown in the Supplementary Table 5 . The percentage of patients with a waist to hip ratio (WHR) of > 0.85 was higher in study group than control group (90.9% vs 9.1%) (p < 0.001).
The mean waist to height ratio (WHtR) was 0.62 ± 0.07 in the study group and 0.48 ± 0.04 in the control group (p < 0.001 highly significant). The odd ratio was 0.024 as shown in the Supplementary Table 6 . Here also the percentage of patients with WHtR of > 0.55 were more in the study group than control group (75% vs 6.8%) (Supplementary Table 7 ).
Discussion
In our study, anthropometric measurements of central obesity (WC, WHR and WHtR) were more strongly associated with conventional CAD risk factors or measures of general obesity such as BMI in a sample of female subjects.
Central obesity measures such as WC exhibited higher sensitivity and specificity than BMI. Although BMI was included in the calculation of the CAD risk factor, high area under the ROC curves were reported for WHR and WHtR, thus confirming that anthropometric measure of central obesity independently and significantly predicts CAD risk that is not accounted by the general obesity measure. Hence, BMI alone is insufficient to account for the association between obesity and CAD risk.
Some studies reported that the association between BMI and CAD was similar to measures of central obesity [10, 11] . There are several possible explanations for our study findings that measures of central obesity are better predictors of CAD risk than BMI. Greater central obesity is associated with systemic inflammation which directly contributes to CAD risk [12] . Hence, measures that account for the accumulation of excess abdominal fat would report stronger associations and are desirable for assessing adiposity. The addition of central obesity measures to BMI has also been shown to improve the accuracy of stratifying participants into lower and higher risk categories for mortality [13, 14] .
BMI is a flawed measure as it does not correctly identify individuals with excess body fat due to its inability to differentiate fat and fat-free mass and it does not account for the effect of age and ethnicity on body fat distribution [15, 16] .
Some studies recommended the use of WC in clinical assessment and research studies. In a systematic review and meta-analysis study of Caucasians without CAD, WC was most highly correlated with all CAD risk factors, compared with BMI, WHR, WHtR and body fat percentage, in women [17, 18] . In other studies, waist circumference was also more closely associated with CAD risk factors than other measures of central obesity and BMI in women [19] . The advantages of WC are: it is easy to measure and interpret and it is less prone to measurement and calculation error [18] .
The use of WHR is also supported as it is a more specific surrogate for fat distribution. A longitudinal population study on 1462 women from Sweden reported stronger relations between WHR and CAD endpoints, compared with BMI, waist circumference and hip circumference [20] . Elevated WHR was also independently associated with a higher CVD risk in the Nurses' Health Study and in the Swedish Women's Lifestyle and Health Cohort Study [21] . The advantages of WHR are: it has low measurement error, high precision and no bias over a wide range of ethnic groups [22] .
In contrast, WHtR was most highly correlated with CHD risk in women from England, compared with BMI, waist circumference and WHR in another study [23] . The advantage of WHtR is that the same cut-point could be applied across a wide range of populations. A cut-off value of 0.5 indicates increased risk for men and women and people of different ethnic groups, and this value may also be used in children and adults, unlike waist circumference which requires different cut-offs [24] .
Conclusion
Central obesity is more strongly associated with CAD risk than general obesity. The deposition of adipose tissue is associated with systemic inflammation which has a direct effect on CAD risk. When used alone, BMI is inadequate for identifying individuals at increased risk of CAD as it does not differentiate between fat and fat-free mass. On the other hand, anthropometric measurements of central obesity have higher sensitivity and specificity. These measures are also more sensitive to life-style modifications. These measurements should be incorporated into CAD risk assessment, particularly when assessing the risk in women and the elderly. Treatment of well-established CAD risk factors coupled with reducing overweight and obesity through lifestyle modifications would be an advisable goal in the primary prevention of CAD. It is equally important to maintain a healthy weight and to prevent central or abdominal obesity concurrently.
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